W h en th e conditions u nder w hich artificial digestions are usually carried on are compared w ith those u nder w hich digestion takes place in th e alim entary canal, it is seen a t once how im perfect the form er are in com parison w ith the latter. The most im portant factors present in n atu ra l digestion, and w anting in the artificial, are : 1. C onstant m otion and m ixing of th e digesting mass. 2. Constant removal of th e digestive products. 3. Continuous addition of fresh portions of digestive fluid. These factors m ust determ ine th a t natural digestion is m ore rap id and com plete th a n is the artificial im itation, and my experim ents were begun w ith a view to carrying out artificial digestions u n der conditions which should supply some a t least of those which are usually w anting in such cases, but are always piesent in th e natural process. The apparatus employed m ay be described as follow s:-A stream of w ater is warm ed by passing through a heated copper coil, and allowed to flow through a vertical cylindrical vessel in which is concentrically im m ersed a smaller cylindrical glass vessel some 2 feet high and 4 inches in diam eter. By this means the contents of th e inner vessel can be kept constantly a t a tem perature of 40° C. The lower end of the inner vessel is connected with a tube which passes th ro u g h the side of the outer vessel, so th a t its contents may be draw n off and renewed whenever it may be desired to do so. The m aterial to be digested is placed in a U -shaped loop of parch m ent-paper tubing, together w ith the digestive fluid, and this loop is then allowed to hang down freely into the inner vessel, and is surrounded by a fluid whose composition is the same as th a t of the digestive fluid m inus th e digestive ferm ent. This parchm ent dialyser is finally k e p t in co n stant up and down m otion by m eans of an appropriate m otor, and its contents are th u s continuously m ixed by the alm ost " p e ris ta ltic " waves w hich pass over the walls of th e tube d u rin g its motion. In th is w ay it becomes possible to take advantage of th e diffusibility of the digestive products, and effect th eir more or less rap id rem oval durin g any given digestion. I t w ill be fu rth e r seen th a t the diffused products can be collected, so th a t there is no loss of m aterial d u rin g the digestion. M oreover, the rate of removal of the products can, w ithin certain lim its, be modified by the frequency of changing the fluid into w hich th eir diffusive rem oval takes place. I t has not as y et been found possible to supply the th ird factor in a norm al digestion, viz., the continuous addition of fresh digestive ferm ent. A lthough th e above ap p aratu s is very efficient, as com pared w ith the vessels in w hich artificial digestions are usually carried on, it falls fa r behind the n atu ra l, and chiefly for two reasons. In the first place, th e removal of digestive products is dependent solely and entirely upon th e ir diffusibility, Avhereas in th e alim entary canal there is now no doubt th a t they are largely rem oved by the specific activity of th e epithelial cells. In the n ext place, th e diffusive exit of the products leads to an influx of fluid into th e dialyser, which, by d ilu tin g the ferm ent solution, is detrim ental to its continued initial activity. N o tw ith stan d in g these shortcom ings, th e differences in th e ra te and com pleteness of a digestion carried on in this apparatus, as com pared w ith those of one carried on un d er o th er wise sim ilar conditions in a flask, are very m arked, and indicate th a t its efficiency is not inconsiderable.
I may now describe th e experim ents I have made, the results I have obtained, and the conclusions which may be draw n from them .
I
-TheSalivary Digestion of Starch.
The inform ation we possess indicates th a t in the alim entary canal starch is com pletely converted into sugar before absorption. W hen, ou the o th er hand, starch is digested artificially with eith er saliva or pancreatic ferm ent, the conversion into sugar is never anything other than far from complete, and a bye-product, dextrin, is always obtained in varying but large am ounts. My first series of experim ents was undertaken w ith a view to determ ining th e cause of the above difference m the two cases, and to obtain, if possible, an artificial digestion which should be as complete as the natural. I t may, perhaps, be said that, inasmuch as in the body starch is digested chiefly, and in some anim als entirely, by the pancreatic juice, therefore any deduction from a salivary digestion is not applicable to t e pancreatic. B ut tliis objection is of no g reat im portance here, for the experim ents deal chiefly w ith the factors w hich determ ine the activity of a ferm ent during digestion, and th ere is no reason for supposing th a t th ere is any fundam ental difference in the circum stances which may modify th e activities of two ferm ents so closely sim ilar as those of the salivary gland and pancreas. Indeed, it seems probable th a t w.hat holds good for saliva w ill hold good w ith even g reater force for the pancreatic ferm ent, since the la tte r is relatively more active than ttie form er.
The experim ents were conducted by com paring the products formed when portions of the same m ixture of starch and saliva are sim ultaneously digested for equal tim es in (i) the dialyser, (ii) a flask. The products w ith which I had to deal were dextrin and maltose These I estim ated in each case as follows :-The dextrin was p recip itated by alcohol in excess, dried at 100°, and w eighed; th e alcoholic filtrate from th is was evaporated to dryness, the residue taken up in w ater, and the sugar determ ined in th is by rotation and reduction, and no results were accepted in which these two m ethods did not give equivalent values for th e sugar in solution. The following experim ents illu stra te th e accuracy obtainable by these m ethods. 3'412 gram s of starch were placed in each of two flasks and digested w ith saliva. 
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The results of my num erous experim ents are as follows : 1. The rate of digestion, estim ated by the times of relative dis appearance of th e iodine reactions, is g reater in the dialyser than in ct flask 2. T he tendency to the developm ent of bacteria is much less in the dialyser than in a flask. * 3. The am ount of starch finally converted into sugar is always greater than in a flask, and the am ount of dextrin residue is less. This is shown by the following typical experim ent. U sing a m ixture of starch and saliva which contained 4 2 3 per cent, of starch, at the end of tw enty-one hours' digestion the dialyser contained lb '7 8 per cent, dextrin, the flask 36'62 per cent. A t t e end of sixty-eight hours the dialyser contained 8'48 per cent, of dextrin, the flask 35*70 per cent.
W hen
5. The small am ount of d ex trin (4 '29 p er cent.) which may be left in th e dialyser a t th e end of an active and prolonged digestion ju s ti fies th e assum ption th a t under the m ore favourable conditions in th e alim entary canal th e whole of the starch would be converted into sugar.
6. T here is no evidence from these experim ents of th e form ation in appreciable am ount of any sugar o th er-th an m altose by th e action of saliva on starch.
I am a t present engaged on a set of experim ents sim ilar to th e above, using pancreatic ferm ent in stead of saliva, in order to ju stify my application of th e resu lts obtained w ith' the la tte r to th e n atu ra l process, as carried on by th e form er in th e body.
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Study o f Natural and Artificial Digestions.
I I .-The Tryptic Digestion o f Froteids.
The startin g point for th is series of experim ents was found in th e following considerations. W hen proteids are digested by try p sin artificially they always yield large quantities of leucin and tyrosin a t the same tim e as th e peptones. In th e intestine*, on th e other hand, these crystalline products are n o t described as occurring in more than microscopic am ounts, if a t all. T h eir absence in n a tu ra l digestion m ight be due to two cau ses: eith er (i) they are formed, b u t rem oved as fast as th ey are fo rm e d ; or else (ii) th ey are not formed a t all. Since they arise by th e fu rth e r action of the try p sin on th e firstformed peptones, and the la tte r are rem oved very rap id ly a fte r th e ir formation, it was th u s possible th a t th e non-occurrence of leucin and tyrosin in the intestine was due to th e rap id removal of the m aterial out of which they otherw ise would have arisen. I t appeared possible to obtain some solution of the difficulties presented by a com parison of n atu ral with artificial digestion by com parative experim ents in th e dialyser and a flask. The solution is fu rth e r one of considerable physiological im portance, in view of the fact th a t leucin is know n to be partly converted into urea when adm inistered to an anim al, so th a t th e difference is one which bears upon th e possible source of some of the urea which is norm ally being excreted under a proteid diet.
The m aterial used for the digestions-was fibrin in different con ditions : 1. Boiled and extracted w ith alcohol and ether, in which condition it is extremely difficult of digestion. 2. Simply boiled and dried by pressure. 3. A ir-dried -without any prelim inary boiling.
The digestive solution was in most cases prepared by dissolving purified trypsin in 0 2 5 p er cent, carbonate of soda w ith 0 5 per cent, th y m o l; in some few cases the fluid was prepared by adding B enger's Dr. A. Sheridan Lea. comparative [Feb. 20, " liquor pancreaticus " to the above solution of sodium carbonate and thym ol. The results of the experim ents are as follows :-1. The ra te at which the fibrin is broken down is enormously greater in the dialyser than in a flask.
2. The am ount of proteid which goes into solution in a given tim e is always g reater in th e dialyser th an in a flask.
3. The am ount of leucin and tyrosin form ed in a flask is greater than in the dialyser, b u t the difference is com paratively slight.
The th ird of these results made it possible th a t if, as in the alim entary canal, th e peptones could be removed nearly as rapidly as they are formed, then the am ount of leucin and tyrosin formed m the dialyser would be also very sm all, and m ig h t approxim ate to th e traces formed in the intestine. This is a possibility to which no experim ental test can be applied, since th e removal of peptones is in artificial digestions dependent simply on their diffusibility.
In th e alim entary canal th e ir removal is, w ithout doubt, the resu lt very largely of the specific activity of th e epithelial ceils.
W hen I examined the contents of th e intestine during full proteid digestion, I obtained evidence of a very considerable form ation of leucin and tyrosin, of so much, in fact, th a t the difference w ith respect to these substances in a natural and artificial digestion becomes q u antitative and not qualitative. Thus, in one case where a large dog was fed w ith 500 gram s of lean meat, of which nearly the whole was digested in th e ensuing six hours, I obtained such a qu an tity of leucin an d tyrosin from the contents of the small intestine th at, after th e loss due to recry stallisin g and the perform ance of all the tests necessary for th e ir thorough identification, I am in possession of 1 gram of leucin and 0'3 gram of tyrosin. A lthough th e above is the m ost extrem e case of the form ation of these substances w ith which I have met, still in all cases w here I have fed dogs w ith proteid, and th is food has been perceptibly digested, I have obtained more th a n " microscopic " am ounts of leucin and tyrosin from th e intestine. Since there is no reason to suppose th a t active absorption of these crystalline products has not been going on during the whole tim e of th eir formation, th e ir presence in some cases, in not inconsiderable amounts, towards the close of a digestion m ust im ply a large total form ation during the digestion. In this way the difficulty arising out of a quantitative com parison of the crystalline end-products of a n atu ra l and artificial tryptic digestion received a solution of a quite unexpected kind.
If, as I believe, my experim ents th u s show th e form ation of leucin and tyrosin in not inconsiderable quantities during proteid digestion in the intestine, some interesting considerations arise as to the physio logical significance of the same.
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Study of Natuvul a n d .1 vtlficv.il D Leaving tyrosin out of account for th e present, the m ore usual view has been th a t any d eg radation of th e n itrogen of proteids into th e amide form in th e alim entary canal, accom panied by th e probable im m ediate conversion of the leucin into u rea in th e liver, and its direct excretion as urea, im plies a w aste of energy w hich is im probable on teleological grounds. A nd th is view is supported by th e sta te m ents as to the absence of leucin (and tyrosin) from the alim en tary canal. Now, however, we have to deal w ith the fact th a t these am idated acids are form ed d uring proteid digestion. There are two possible Avays in which th eir form ation may be of im portance to the anim al economy. A lthough a t first sight the conversion of p a r t of th e proteid into leucin and its speedy elim ination as urea seems to im ply a Avaste of energy to the body, it is n o t im probable, as F o ster has suggested, th a t this m a y b e of real use to th e economy. W e know th a t in artificial digestions th e am ount, natu re, and digestibility of a proteid, and the activ ity of the ferm ent Avhich acts upon it, deterixiiiie to some ex ten t th e course and resu lts of the digestion. These factors will probably m ake them selves still m ore fe lt in a n atu ra l digestion in the body. T hus leucin m ay m ake its appearance to very varying extents at different tim es in th e same anim al, and so proAnde a sort of safety valve to the organism by d iv ertin g from the tissues w hat would otherw ise frequently be an unnecessarily large burden of proteid metabolism. A second vieAv is one which opens up th e whole question of the physiological significance of th e am ides in the anim al economy. I t i s 1 known th a t the amides play an all-im p o r th e nitrogenous metabolism of plants. Leucin and tyrosin occur widely spread in m any of the tissues and fluids of anim als. In m any deranged conditions, notably of th e liver, these substances occur in largely increased am ounts, so th a t a discharge of th em takes place from th e body. I t is thus possible th a t norm ally th e ir occurrence in sm aller am ounts is due to th e fact th a t in th e health y organism they are being continually used up in the chem ical cycle of tissue metabolism. Thus th e real significance of th e ir form ation during digestion m ay well be for the supply of new am idated com pounds, to take th e place of those portions w hich m ust be always becoming useless for fu rth e r metabolic processes by continual wear and tear. Exam ined in th e light of all the facts which can be bro u g h t to bear upon it, there is m uch evidence in support of this view. I t is, however, incompatible with the requirem ents of a prelim inary com m unication to enter fully here into a discussion and application of this evidence.
